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rice. Undehulled and immature grains and other impurities were removed manually before subjecting to different treatments.
Brown rice treatment and storage
One kilogram of brown rice was subjected, in duplicate, to three different types of treatment, as follows: dry heat (DH) for 15, 20 and 25 min using 30 x 20 x 3 cm (length x width x thickness) 150µm screen sieve in an oven (Yamato, Japan) set at 60°C; microwave (MW) treatment for 30, 60 and 90 sec using a 30 cm x 20 cm x 10 cm (length x width x thickness) rectangular microwavable plastic container in an 800 Watts and 2450 MHz commercial microwave oven (American Heritage®) set at high setting; and steam (WH) treatment for 30, 60 and 90 sec using 30 x 20 x 3 cm (length x width x thickness) 150µm screen sieve over a pot of boiling water using a household steamer. These treatments showed no objectionable change in overall appearance compared with untreated brown rice. Immediately after treatment, samples were placed separately in an aluminum tray and allowed to cool for about 30 min. About 10 g-portion of each sample was obtained, pulverized using Cyclotec® sample mill (Tecator, Sweden), and analyzed for moisture content using Method 44-19 (AACC International, 2000). After 24 hours of equilibration, each sample were placed in a separate polyethylene plastic bag and stored together in a metal box at room temperature and ambient humidity. Another 10 g-portion of each sample was obtained, pulverized, and analyzed for lipase activity and moisture content prior to storage. An untreated brown rice was used as control. Moisture content of the brown rice samples immediately after treatment (after 30 min of cooling) progressively decrease ranging from 10.75% to 11.81%, but not on WH treated sample except that of WH 30 sec. While moisture content after 24hr of equilibration at room temperature ranged from 11.35% to 11.91%, which are acceptable levels for storage (data not shown). Temperature and relative humidity during storage ranged from 28-31°C and 42-64%, respectively. Different exposure times were tested to determine optimum treatment condition for each type of treatment that would effectively reduce lipase activity to consequently stabilize brown rice from rancidity during storage. Mild treatments were employed to maintain important antioxidant compounds such as phenolic acids and to retain physically indistinguishable from the untreated brown rice. Preliminary trials conducted by DH treatment at temperature of 65°C and above for 15-20 min using oven (Yamato DN-83, Japan) resulted in fissuring and discoloration of the brown rice grains (data not shown). Thus, oven temperature at 60°C was employed to inactivate lipase enzymes and different DH treatments were at varied times (0 to 25 min). Rothe, (1967) as cited by Juliano, (1985) reported that the inactivation temperature for lipase enzyme in rice bran at 14% moisture was 55 o C, hence 60°C oven treatment may be sufficient for lipase inactivation. For WH treatment, exposure for 100 sec and above under steam resulted in discoloration, while microwave treatment for 100 sec and above caused popping of some of the brown rice grains.
Chemical analysis
The effect of different treatments in lipase activity of the brown rice samples was determined. Changes in free fatty acids level, total phenolics content, and antioxidant activity were monitored for 0, 2, 4 and 6 months of storage at room temperature and ambient humidity using prescribed procedures. All chemical analyses were done in duplicate.
Lipase activity
Lipase activity was measured using the copper soap assay according to the procedure of Rose and Pike, (2006). About 3 g of each ground sample was partially defatted with hexane (1:10 wt/vol) for 30 min on a mechanical shaker. Residual hexane was allowed to evaporate at room temperature (about 10 min), and 1 g of the ground, partially defatted sample was weighed into separate tubes (blank and sample). Olive oil (0.8 mL) and distilled water (0.15 mL) was added on both tubes and were mixed vigorously. The test tube with the blank was immediately extracted using a stepwise procedure. Five mililiters of hexane were added, mixed using vortex, and then centrifuged at 2000 rpm for 3 min using benchtop centrifuge (Clay and Adams, NJ). The hexane was decanted into centrifuge tube and the extraction was repeated twice. The hexane extracts were pooled, and evaporated using a water bath at 40ºC, and the residue was redissolved in 4 mL of isooctane. The test tube with the sample was capped and incubated for 4 hr at 40ºC. After incubation, the test tube with the sample was extracted using hexane as described in the blank. One mililiter of 5% (wt/vol.) cupric acetate (adjusted to pH 6.1 with pyridine) was added and then shaken vigorously for 1 min. Afterwards the tubes were centrifuged at 2000 rpm for 1 min and the absorbance was read at 715 nm using UV-Vis spectrophotometer (Hitachi U-3200, Japan). The absorbance of the sample was compared with the absorbance of oleic acid standard solutions prepared in isooctane (1-10 mM). Lipase activity was expressed as units per gram (U g -1 ), where 1 U is defined as the micromoles of fatty acid liberated per hour.
= 1000 * (4 + ) * ( − ) Where1000 = conversion factor from mol. L -1 to µequiv mL -1 , 4 = volume of isooctane used to redissolve lipids (mL), V = volume of olive oil added (mL), Af= absorbance of sample after incubation at 715 nm, Ai = absorbance of blank after incubation at 715 nm, ε = molar absorptivity of oleic acid at 517 nm (M   -1 cm -1 ), t = incubation time (h), l = path length (1cm for a standard cuvette), s = mass of sample (g).
Free fatty acids
Lipid degradation during storage as free fatty acids was quantified using the rapid colorimetric method of Kwon and Rhee, (1986). One gram of ground brown rice sample was weighed into test tube and the lipids were immediately extracted similar with the procedure by Rose and Pike, (2006). One ml of 5% (wt/vol.) cupric acetate (adjusted to pH 6.1 with pyridine) was added to the extract and then shaken vigorously for 1 min. Afterwards the tubes were centrifuged at 2000 rpm for 1 min and the absorbance was read at 715 nm using UV-Vis spectrophotometer (Hitachi U-3200, Japan). The sample absorbance was compared with the absorbance of oleic acid standard solutions prepared in isooctane (1-10 mM).
Antioxidant activity (DPPH radical scavenging)
Free radical scavenging capacity of the samples was estimated using 2, 2'-dipheny-1-picrylhydrazyl (DPPH) radical according to the procedure of Iqbal et al., (2005) . One gram ground sample was weighed into 15-mL centrifuge tube. Ten mililiters of methanol was then added, shaken for 12 hours, and centrifuged at 2000 rpm for 15 minutes. The supernatant was collected, diluted up to 25 mL with distilled water, and stored at 4°C, until analysis.
An aliquot of the sample extract (3 mL) was added to freshly prepared 0.10 mM solution of DPPH (30 mL) and allowed to stand for 90 min. The absorbance of the DPPH-sample extract mixture was then measured at 517 nm using UV-Vis spectrophotometer (Hitachi U3200, Japan). The DPPH radical scavenging activity was calculated as follows: % DPPH radical scavenging activity = (Ab -As) x 100 Ab Where: As = absorbance of the sample and Ab = absorbance of the blank.
Total phenolics content
The total concentration of phenolic acids (soluble and bound) was determined as gallic acid equivalents (GAE) using the Folin-Ciocalteau procedure as cited by Adom and Liu, (2002). Extraction of soluble phenolics. Ten mililiters of 80% (vol/vol) ethanol was added to 1.0 g of ground sample. The mixture was shaken for 15 min, centrifuged at 2000 rpm for 15 min, and the supernatant was collected. The residue was reextracted with 80% ethanol twice. The supernatants were combined and the residues were set aside for bound phenolics extraction. The pooled supernatants were oven-dried at 30ºC. After drying, the residue was re-dissolved up to 25.0 mL with distilled water and then store at 4°C, until analysis. Extraction of bound phenolics. For bound phenolics extraction, the residue was digested for one hour with 25 ml of 2.0 N NaOH with constant shaking using a mechanical shaker. The mixture was then neutralized with an appropriate amount of 6 M HCl and was defatted twice with hexane. The final solution was extracted five times with 30 mL ethyl acetate. The ethyl acetate portion was collected and oven-dried at 30°C. The residue was re-dissolved up to 25.0 ml with distilled water and then stored at 4ºC, until analysis. Determination of total phenolics content. Five hundred microliters (500µL) of each extract (soluble and bound) was added with 2.5 mL of Folin-Ciocalteau's phenol reagent (1/10 dilution). It was allowed to stand temperature for 15 min at room and then 2.0 mL of 7.5% sodium carbonate was added. After 1 hour of color development, the absorbance of the mixture was measured at 765 nm against a blank and gallic acid standards (0-100 µg mL -1 ). Phenolics content was calculated based on the standard and values were expressed in gallic acid equivalents per gram sample (GAE g -1 ).
Phenolics acid content (GAE g -1 ) = A x 25 , Wt. of samples (g) x MWGA
Where A= µg g -1 gallic acid based on calibration curve and MWGA= gram equivalents of gallic acid (170.2 g eq -1 ). Total phenolics acid content was then calculated by adding the contents of soluble and bound forms.
Sensory evaluation
Sensory evaluation was conducted at the Sensory Laboratory of the Rice Chemistry and Food Science Division, PhilRice, Science City of Muñoz, Nueva Ecija, Philippines. Raw (aroma, off-odor, color, gloss, and translucency) and cooked (aroma, off-odor, gloss, cohesiveness, tenderness, off-taste, and taste) sensory attributes and acceptability were evaluated for 0, 2, 4, and 8 months of storage by trained internal panels. Attribute intensities and general acceptability were rated using 15-cm unstructured scaled score cards. The scales were anchored at each end: the left side of the scale corresponded to the lowest intensity (0 cm) and the right side to the highest intensity (value 15 cm) of the sensory attribute. Cooked brown rice was prepared by addition of water to brown rice (1:2 brown rice to water), washing the brown rice for two times by swirling and replacing same amount of decanted water with fresh tap water, soaking the brown rice with water for 25 min, and cooking using 2-cup capacity electric rice cooker (National, Japan) until the audible switches turned off. Raw and cooked brown rice samples were presented to the sensory panels in a blind and randomized 3-digit coded manner for evaluation. None of the staff involved in the study participated as panellist.
Statistical analysis
Analysis of variance (ANOVA) was conducted to detect differences between treatments at p<0.05 level. When a significant treatment differences was observed, treatment means were separated using Tukey's honesty significant difference (HSD) test. Statistical analyses of physicochemical and sensory evaluation data were performed using SAS ver. 9.1 for Windows (New York, USA) and STATA ver. 12.1(Texas, USA) software, respectively.
RESULTS AND DISCUSSION

Effects of different treatments on brown rice
Effects in lipase activity and free fatty acids content
Inactivation of lipase enzyme, which catalyzes the hydrolysis of lipids (oil) to produce oxidizable fatty acids that are further converted into carbonyl compounds contributing off-odor and off-taste, is primarily considered in prolonging the shelf life of brown rice. All treated brown rice had significantly lower lipase activity compared with untreated sample (Table 1) . Increasing exposure time progressively decrease lipase activity of the brown rice, except that of MW treatment where MW 60sec treatment had lower lipase activity than MW 90sec, but were not statistically significant. Most brown rice samples within each treatment type had comparable lipase activity, except that of DH treatment. and 2.13-2.27 mmole g -1 , respectively; while DH treated brown rice ranged from 2.33-2.44 mmole g -1 . This indicates that MW and WH treatments are more effective in inactivating lipase enzymes than DH treatment. This is likely because proteins such as enzymes are more stable against denaturation in a dry environment compared with a wet environment (Damodara, 1996) . Likewise, Krugger and Reed, (1988) and Vertimani and Haridas Rao, (1990) as cited by Rose et al., (2008) reported difficulty of decreasing lipase activity of wheat flour using dry heat treatment than wet heat and microwave treatments.
The consistent significant decrease in lipase activity and free fatty acids level of treated compared with untreated brown rice (control) confirmed the effectiveness of heat and microwave treatments in inactivating lipase enzymes. Several researchers have utilized heat and microwave treatments to stabilize cereals and cereal products, but limited studies have been conducted for its direct application for brown rice stabilization. Most of the studies on brown rice shelf life improvement or stabilization focused on the use of different storage temperature and packaging materials (Sharp and Timme, 1986), storage under modified atmospheres (Ory et al., 1980; Santroprete, 1980) , treatment by ethanol vapors (Champange and Hron, 1992) , and utilization of an antioxidant or chelator (Champange and Hron, 1993; Champange and Grimm, 1995).
Effects in total phenolic content and antioxidant activity
Mild treatments employed on brown rice samples aimed to maintain inherent antioxidant compounds such as phenolic acids present that could help inhibit reactive oxygen species (peroxides) that causes rancidity. The presence of these indigenous antioxidants in cereals such as brown rice has a marked effect on the onset of non-enzymatic oxidation due to their capability to quench these reactive molecular species into non-reactive form (Lehtinen and Laakso, 2004). This could eventually help improve the storability or shelf life of brown rice. Total phenolic content of all treated brown rice samples did not vary significantly upon treatment (Table 2) . Likewise, no significant change was observed on the antioxidant activity of DH treated brown rice compared with untreated sample, except that of MW and WH treated sample. This coincides with the findings of Rose, et al., (2008) on the effect of dry heat treatment on the antioxidant activity of wheat flour. On the other hand, contrary to the findings of Rose, et al., (2008), a significant increase in antioxidant activity was noted on MW and WH treated samples. The increase in antioxidant activity on MW and WH treated samples may be attributed to the slight (not significant) increase in total phenolics content in the sample from 2.86 GAE g -1 (untreated) to up to 3.41 GAE g -1 (WH 60sec), previously noted. Conversely, DH treated brown rice also increase (not significant, p>0.0) in total phenolic content, but antioxidant activity did not change. Hence, the increase might be attributed to the type of treatment employed on the brown rice. Oufnac et al., (2006) as cited by Dar and Sharma, (2011) reported that with rise in extraction temperature more phenolic compounds are released. Likewise, according to Afoakwah et al., (2012), microwave radiation causes disruption of hydrogen bonds which enhance penetration of the solvent into the matrix, allowing dissolution of the components to be extracted. Although exposure of brown rice to MW or WH treatments were not during the extraction process of antioxidants but were employed prior to the analysis, microwave radiation or steam treatments might have caused hydrolysis of other antioxidant compounds present in the sample resulting in the increase of their extractability, thus, higher antioxidant activity by DPPH radical scavenging analysis. 
Effects in raw and cooked sensory attributes
Evaluation by panels perceived no significant change in all raw and cooked sensory attribute scores between treated brown rice and untreated sample (Table  3 and Table 4 ). However, for each type of treatment, slight increase (not significant) in raw aroma on DH and WH treated samples was perceived by panellists attributed to the release of some aromatic compounds such as 2-acetly-1-pyrroline from the grains caused by heat treatment. On the other hand, raw aroma of MW treated samples was perceived similar with the untreated raw brown rice. Similarly with raw aroma attribute, an increase (not significant) in raw glossiness scores on DH and WH treated samples, while a decrease (not significant) on MW treated brown rice were observed. General acceptability scores of raw and cooked samples ranged from 8.5 to 10.7 and 7.8 to 9.9, respectively. Raw brown rice (untreated and treated) was perceived no off-odor, moderately intense in color, translucent, slightly glossy, and satisfactory general acceptability (liked moderately). For cooked brown rice sample (untreated and treated), assessment by the panelists revealed slight (faint) aroma; no off-odor; moderate glossy, cohesive, and tender; slightly tasty and no off-taste and; very satisfactory general acceptability (liked). Means within a row with same letters are not significantly different (α=0.05) 1 0= none; 3.75= slightly aromatic; 7.5= moderately aromatic; 11.25= aromatic; 15= very aromatic 2 0= none; 3.75= slightly perceptible; 7.5= moderately perceptible; 11.25= perceptible; 15= very perceptible 3 0= dull; 3.75= slightly glossy; 7.5= moderately glossy; 11.25= glossy; 15= very glossy 4 0= separated; 3.75= slightly cohesive; 7.5= moderately cohesive; 11.25= cohesive; 15= very cohesive 5 0= hard; 3.75= slightly tender; 7.5= moderately tender; 11.25= tender; 15= very tender 6 0= bland; 3.75= slightly tasty; 7.5= moderately tasty; 11.25= tasty; 15= very tasty 7 0= none; 3.75= slightly perceptible; 7.5= moderately perceptible; 11.25= perceptible; 15= very perceptible 8 0= dislike extremely; 3.75= like slightly; 7.5= like moderately; 11.25= like; 15= like extremely
Changes on physicochemical properties and sensory attributes during storage
Changes in free fatty acids content
Changes in free fatty acids content of the samples for up to six months of storage is presented in Figure 2 . A steady significant increase in free fatty acids level of each treated and untreated brown rice samples was noted during storage, but increase was significantly lower in treated brown rice. Ory et al., (1980) reported that free fatty acids level of stored brown rice steadily increased throughout the storage period. A considerable abrupt increase in free fatty acids level occurring from two to four months was observed similar with the findings by Ramenzanzadeh et al., (1999) on rice bran. Throughout the storage period, all treated brown rice samples have significantly lower free fatty acid content compared with the untreated brown rice consistent with the lipase activity from the initial analysis (month 0). Lower free fatty acids generation of the samples could be attributed to the reduction of lipase activity caused by different treatments. Effectiveness of lipase inactivation through dry and wet (steam) heat and microwave treatment to subsequently stabilize brown rice against lipolytic rancidity was evident. Hence, this could indicate improvement in storability or shelf life of brown rice samples through these treatments. Treatments with longer exposure times, namely DH 25min, MW 90sec, and WH 90sec were noted to have significantly lowest free fatty acids level after six months of storage. 
Changes in total phenolics content and antioxidant activity
Changes in total phenolics content was monitored only on samples with longer exposure times namely DH 25min, MW 90sec and WH 90sec since findings on the first month (Month 0) revealed no significant effect of different treatments on the total phenolics content of the brown rice sample. Statistical analysis showed a significant increase in total phenolics content on both treated and untreated brown rice sample from 0 to 2 months, and started to plateau after 2 months of storage (Table 5) . Total phenolics content of the samples during 0 month ranged from 2.86 to 3.39 GAE g -1 ; while starting from 2 months up to 6 months of storage, total phenolics content ranged from 4.14 to 5.52 GAE g -1 .This trend on the increase in total phenolics content during storage is similar to the findings of Tsugita et al., (1983) as cited by Juliano, (1985) in rice grain. Tsugita et al., (1983) proposed that bound phenolic acids are released by enzymatic and nonenzymatic reaction during storage to form free phenolic acids. Similar with the observation on total phenolics content, antioxidant activity of the brown rice samples also increase during storage (Table 6 ). The increase in DHHP radical scavenging activity may be attributed to the observed increase in total phenolics content of the samples, hence phenolics acids are known to exhibit antioxidative property. A consistent significant increase in antioxidant activity was noted on untreated and DH treated brown rice samples, except that of DH 25min. During the initial months (month 0 to month 2), antioxidant activity of the untreated and DH treated samples (40.45 to 53.47%) were relatively lower than that of MW and WH treated brown rice (49.62 to 62.12%). After 2 months of storage, antioxidant activity of untreated and DH treated brown rice abruptly increase having its peak at month 6. Treatments with shorter exposure time (DH 10min, DH 15min and WH 30sec) had comparable antioxidant activity with the untreated brown rice, except that of MW treated brown rice after 6 months of storage. For MW and WH treated samples, a significant increase in antioxidant activity was observed from 0 to 2 months of storage and started to plateau up to 4 months, except that of MW 30sec; but decrease at 6 months of storage, except that of WH 60sec. 
Changes in raw and cooked sensory attributes
Raw and cooked sensory attributes were monitored to assess and compare the quality changes and storability of treated and untreated brown rice samples during storage in addition to monitoring of their physicochemical changes. Sensory evaluation of raw brown rice samples showed a significant decrease in mean scores on aroma and glossiness; while a significant increase in off-odor in both untreated and treated raw brown rice sample during storage (Table 7) . Progressive decrease in aroma scores was consistently comparable for each sample throughout the storage period; similar with glossiness scores, except that of DH 25min, MW 60sec, MW 90sec and WH 30 sec. For raw off-odor attribute, a significant increase was perceived on the samples during the second month with the untreated brown rice as the most off-odored sample; but not on DH 10min, DH 25min, MW 60sec and MW 90sec. By the fourth month, a significantly strong and moderate perceptible off-odor were noticed on untreated sample (10.2 score) and DH treated brown rice (5.8 to 5.9 score), respectively, except that of DH 25min; signifying deterioration. These deteriorated samples were then not subjected to the succeeding session of sensory evaluation. MW and WH treated brown rice, including DH 25min treated sample, had significantly lower off-odor scores compared with untreated sample indicative of improvement in storage stability. General acceptability scores of the samples significantly decrease beginning second month of storage, except that of treatments with longer exposure namely DH 25min, MW 90sec and WH 90sec, including MW 60sec. By the fourth month, only treated brown rice sample with longer exposure times (DH 25min, MW 90sec and WH 90sec), including MW 60sec, remained acceptable (liked moderately) even up to eight months of storage. This demonstrates that these treated brown rice had superior storability over the untreated sample. On the other hand, sensory evaluation of cooked brown rice samples revealed a significant decrease in aroma during storage and cohesiveness at 2 months; while a significant increase in off-odor and off-taste both at 8 months, except that of untreated sample (Table 8) . Previous researches attributed off-flavor (off-taste) and off-odor development to high levels of free fatty acids or phenolics compounds (Barber, 1972 
CONCLUSION
Findings from this study established heat and microwave treatment conditions that could effectively inactivate lipase enzyme to consequently stabilize brown rice against rancidity, without affecting its antioxidant activity for up to 8 months of storage. Improvement of brown rice storability through these optimum treatment conditions was demonstrated through monitoring the changes in chemical properties (free fatty acids, phenolics content and antioxidant activity), and raw and cooked sensory attributes during storage. Application of these technologies to pilot-scale and subsequently to commercial-scale is being conducted.
